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Abstract. Spatially resolved images of the galactic supernova retf@@8.2+2.1 (y-Cygni) in hard X-ray energy bands from
25 keV to 120 keV are obtained with thBISISGRI imager aboard the International Gamma-Ray Astrophysitmotzaory
INTEGRAL. The images are dominated by localized clumps of about miarin size. The flux of the most prominent North-
Western (NW) clump is (1#0.4)x107* erg cnt? st in the 25-40 keV band. The observed X-ray fluxes are in agraeme
with extrapolations of soft X-ray imaging observationsye€yg by ASCA GISand spatially unresolveBXTE PCA data. The
positions of the hard X-ray clumps correlate with brightgbats of optical line emission, possibly indicating the pree of
radiative shock waves in a shocked cloud. The observeda$satiicture and spectra are consistent with model predistdf
hard X-ray emission from nonthermal electrons accelerbyeal radiative shock in a supernova interacting with an stédiar
cloud, but the powerful stellar wind of the O9V star HD 193322 plausible candidate for the NW source as well.

Key words. gamma rays: observations — X rays: ISM: Supernova Remnaritslividual: G78.2-2.1 (y-Cygni)— radiation
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1. Introduction s™! arcsec? for H, filters and a few times 18 erg cnt? s71

. arcsec? for the [OllI] filter.
The supernova remnant (SNR) G7821 (y-Cygni) is a de- ) i
gree size extended source which has been imaged in radioArCh'VaI ROSAT an_d ASCA observations of G78Q'1
waves toy-rays. The SNR is located in the complex Cygnus yere analyzed by Lozinskaya et al. (2000). The_y pomted out
region of massive gas and dust complexes and close to the njo&pMPlex structure of the remnant wiRDSAT emission ex-
powerful Cyg OB2 association. Radio observations by Higgs'§nding well beyond the apparent SNR radio shell, possibly

al. (1977) established a shell-like structure of the remyrsarg- indic_ating expansion iqto a prog_enitor star wind cavitytiwi
gested also by Lozinskaya (1977). Multi-frequency radie OgrchlvaIASCA observations, Uchiyama et al. (2002) found X-

servations by Zhang et al. (1997) revealed a patchy streicfur 'Y emission ab_ove 4 keV to be dominated by several localized

the radio spectral-index distribution. The integratedoapec- C¢lUMPs, mostly in the Northern part of the remnant. The 4-10

tral indexa = 0.54= 0.02, with variations of: 0.15 within the K€Y emission of the clumps has a hard photonindex of 0.8-1.5.

remnant. Prominent radio brightness enhancements arerpres A high-energyy-ray source, 2CG 0%&, was discov-

in the South-East and the North-WestjeCyg (e.g. Zhang et ered in the field ofy-Cyg with the COS B satellite (e.g.

al. 1997). A distance tg-Cyg of ~ 1.5 kpc was estimated by Swanenburg et al. 1981JGRO-EGRET confirmed this source

Landecker et al. (1980) from radio HI observations. (2EG J2020402G3EG J20264017), which is one of the
Optical images of-Cyg in H,+[NIl], [SII] and [O111] fil- brightest steady-state unidentified sources InBEBRET cat-

ters, recently presented by Mavromatakis (2003), cledmys alogue with a flux of~ 1.2 x10°° cm™ s™* above 100 MeV

a patchy structure with bright spots of some ten arcminuteaturner and Dermer 1995; Esposito et al. 1998)ippley-ray

scale and line emission fluxes of a few times#Gerg cnt2  telescope observations (e.g. Buckley et al. 1998) estalian
upper limit of 2.2x107** cm2 s7* for the flux above 300 GeV,
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ground emission. The angular resolution (FWHM)S8ERI is
about 12 and the images were samplediy’ pixels (Lebrun
et al. 2003; Goldwurm et al. 2003).

Source significances were derived from a statistical distri
41:00:00.0 bution of count-rate values for a sample of about D00 pix-

els inISGRI FCFOV images aroungl-Cyg (using the mean
and the standard deviation of the distribution).

At present, the most reliablkSGRI flux estimates can be
obtained by cross calibration with the Crab, i.e. by compar-
ing the source and Crab count rates in the same energy bands,
accounting for dierent [model] spectral distributions. The sys-
tematic uncertainties of this procedure are estimated &bbat
00.0 25% , mainly due to the possibly extended natupe (0') of
the detected sources (cf. Lubinski 2004 where calibratafns
point sources are discussed).

In Figs[A[2 we show X-ray images of G782.1 obtained
AR S EL S o S L S L CE L \vith |NTEGRAL ISGRI, ASCA, andROSAT. Thel SGRI images

Fig. 1. The ISGRI 25-40 keV broad view of the-Cyg region in our three energy bands are dominated by a few localized

(linearly scaled SN map of the sources above2 The solid clumps of emission. The flux estimates of the North-Western
circle isythe same as ioniﬁl 5 (NW) clump are (17 + 0.4) x 107! erg cn7? s71 in the 25-40

keV band, (12 + 0.8) x 107 erg cnt? s71 in the 40-80 keV
band, and (5 + 1.2) x 107! erg cn? s71 in the 80-120 keV

a few GeV. They-ray emission might be produced by a pulband. For the SE clump we find.2k-0.5)x 10t erg cnt? 72
sar, but can be attributed to interactions of acceleratechetic (25-40 keV), (15+0.8)x 10! erg cnT? 57! (40-80 keV), and
particles with ambient matter and radiation as well (e.gui&#r (3.0 + 1.2) x 107! erg cnt? 571 (80-120 keV). The NE clump
et al. 1997; Gaisser et al. 1998; Bykov et al. 2000). Solvingat coincides with the ASCA hard source C1 (Uchiyama et
this problem of the origin of thg-ray emission requires theal. 2002) is seen only in the 40-80 keV band with a flux of
analysis of multiwavelength imaging observations. Harch¥- (1.7 +0.7)x 101 erg cnt? s™1. A longer exposure withSGRI
imaging provides a crucial tool to distinguish betweendet is required to detect (or reject) this NE-clump emissior th
and hadronic contributions to theray emission. We presentweak detection obtained so far might be related to the extnd
below the first hard X-ray imaging observatiomeCyg . nature of the ASCA C1 source.

42:00:00.0

30:00.0

2. Observations and Data Analysis 2.2. RXTE PCA and ASCA GIS observations

2.1. INTEGRAL ISGRI observations Hard X-ray emission from G78+2.1 can be also constrained

The SNR G78.22.1 was observed with theESGRI imager from non-imagingRXTE observations. We used public archive
(Lebrun et al. 2003) aboal\TEGRAL (Winkler et al. 2003). RXTE 61.4 ksec observations of-Cyg performed on 5-
We combined data from 21 Core Program and calibration ol Apr 1997. TheRXTE PCA data were reduced with the
servations (revolutions 12-82: Nov 18, 2002 — Jun 15, 2008jgndard HEASARC FTOOLS 5.3 software.Only Standard-
and added 28 pointings from AO1 (rev. 80, 11-12 Jun 2003) aAdmode data were used. The PCA background was ac-
AO2 (rev. 191, 8-9 May 2004) observations [Obs. Ids 01297@@unted for with the latest faint source background modet(c
and 0229700: amalgamated observations with G. Rauw as fajntl7.eMv20031123). The standard good time selection pro-
The data obtained fronSGRI have been reduced with thecedure was applied. THRXTE PCA field of view covers a sub-
standard fi-line scientific analysis software developed at th&tantial part ofy-Cyg including the hard clumps seen with
INTEGRAL Science Data Center (the OSA 4.0 package). TR¥TEGRAL ISGRI. We found the X-ray emission gfCyg to
standard good time selection criteria were applied; only s€xtend beyond 20 keV and fitted théRXTE PCA 5-15 keV
ence windows (SCWSs) with more than 100 s of good time we@@ta simultaneously with archivéiSCA GIS2 3-7 keV data
considered. Wide energy bands were used (25-40 keV, 40fgothe total remnant emission with a broken power-law with
keV, and 80-120 keV) in order to be able to detect sourcesaatorentz line at 6.2 keV. Here we used the same s&SafA
a few mCrab level. In order to improve on source detection (@ Sdata that was analyzed by Uchiyama et al. (2002).
the cost of source-localization accuracy), pixel spregdas The total remnant emission (3-15 keV) was fitted by a
switched df. We analysed 360 good ks of FCFOV (fully codeghower-law with photon indexeg, = 2.0 + 0.4 below the break
field of view) observations and 1,060 good ks of PCFOV (pagnhergyEp = 11.1+1.2keV anda, = 1.2+0.4forEp < E < 15
tially coded field of view) observations, although only FGFO keV (the reduceg?= 0.91 atv=85 d.o.f.). The power-law nor-
data were used for the flux estimates presented here. Soumedization was (8.1 0.56)x 102 phcnt? st keV ! at 1 keV.
reconstruction with FCFOV data is more secure in the CygnWé found a correction factor (0.7420.19) for theRXTE PCA
region with its bright point sources and complefdse back- flux normalization considered as a free parameter with a fixed
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Fig. 2. Left: ASCA GIS6-10 keV grayscale map with dNTEGRAL ISGRI 25-40 keV 4.20- contour in the NW areaCentre;
ROSAT PSPC-B 0.4-2.0 keV grayscale map with the samaEGRAL |SGRI 25-40 keV 4.2 contour.Right: INTEGRAL ISGRI
25-40 keV significance map (linear scale) with+N11] 6560 A 3x101° erg cnt? st arcsec? contours (dotted line) and [Oll1]
5010 A 3<1076 erg cnt? s* arcsec! contours (solid line) [optical data are from Mavromataki®@3)]. The hard emission
regions NW, NE, and SE are marked in the first two panels. ThelNiBp is seen withSGRI only in the 40-80 keV band. The
RXTE PCA field of view is indicated by the large solid circle. The blarhss on th&ROSAT map marks the position of the O9V
star HD 193322 (20:18:0¥40:43:55). All maps are made for J2000.

ASCA GI2 flux normalization. The line at 6 20.04 keV has a
width of 1.0+ 0.2 keV (equivalent width is 1.% 0.5 keV) and 3 ohg
normalization (2.5t 0.8) x 10~% ph cnt? s'1. Note here thata ;42 %@@ +

similar signature of a 6.4 keV line was found by Pannuti et ¢ - T ]
(2003) in theRXTE analysis of another extended SNR G347.: | C EGRET ]
0.5. While the low energy branch of the fit is a combinatio™e - R?(?EAPCEE‘A ¢ ISGRI i
of thermal and nonthermal components, the high energy en > - % T -

sion above the break is nonthermal. Using the j88CA GIS2 3 , 77
- RXTE PCA fit, we estimated the ranges of the extrapolate W 10
hard X-ray fluxes of the total remnant emission in the 25-¢

keV bandas (1.0- 1.%¥10 " erg cn? s71, while in the 80-120

keV regime the range is (1.4 - 48)0'! erg cnt? s71. Since

the hard X-raylSGRI images are dominated by the NW, NE

and SE clumps that are located at the boundary ofRKEE 16 ol ol ol ol ool ol
PCA pointing, we have applied flux corrections accounting fc 10" 16 100 10 10 Ellgev 100 100 10 10
the RXTE PCA collimator response at 30’ from the axis. '

The total flux estimations are in agreement with thEig.3. The spectral energy distribution of the hard emission
summedINTEGRAL ISGRI fluxes of the NW, NE, and SE from y-Cyg . The|SGRI datapoints correspond to the NW
clumps if a 25% systematic error in the calibration proceduclump only.
is accounted for. The hard-emission spectrum-@lyg is pre-
sented in Fig13. We show the total remnABCA GI2 - RXTE
PCA flux, the fluxes of tha SGRI NW clump and ofEGRET and [Olll] line emission (of > 10" scale size) observed by
3EG J20284017 source, and thahipple upper limit. Mavromatakis (2003). The line emission may indicate arrinte

action of the SNR with a nearby cloud and the presence of a

radiative shock wave.
In evolved supernova remnants interacting with interstel-
The locations of the hard X-ray clumps detectedYEGRAL lar clouds, such ag-Cyg and IC 443, a highly inhomoge-
ISGRI correlate with dim regions of highN>5x 10? cm™  neous structure consisting of a forward shock of a moderate
in the ROSAT PSPC-B 0.4-2.0 keV greyscale map in Figl 2.Mach number, a cooling layer, a dense radiative shell, and
The clumps adjoin the patches of bright opticaklNII], [SIl]]  an interior region filled with hot tenuous plasma is expected
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3. Discussion
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A SNR evolving in the inter-clump medium of a moleculaG78.2+2.1 would be a plausible source of particle acceleration
cloud of densityn, ~ 25 H atoms cm® becomes radiative atand hard X-ray emission.

radii ~ 6 pc (Chevalier 1999). A model of nonthermal elec- A deeper exposure of the field witBGRI is required to de-
tron acceleration and interactions in such SNRs by Bykov tetct [or to place meaningful upper limits] on the hard enoigsi
al. (2000) predicted that these SNRs affécent electron ac- from the NW, NE, SE regions up to 120 keV. The presence of a
celerators and sources of hard X- apday emission. A dis- few clumps of hard emission at a level above@rg cnr?s2
tinctive feature of the model is the presence of emittingngde at the borders of-Cyg would support the hypothesis of SNR
with very flat hard X-ray spectra of photon indexes~ 1. origin of the nonthermal clumps with important implicatn
The photon break energy and the maximum energy of accir particle acceleration mechanisms in SNRs.

erated electrons depend on the ambient density. A radiat,ié\\/c?(nowledgernents The present work is partly based on observations
shock prc?pagaltlr?g throughthellnterclump me@um COl'Ildlacc\(/avith INTEGRAL, an ESA project with instruments and a science
erate radio-emitting electrons in the GeV regime, also pced

. . Ao data centre funded by ESA member states (especially the ui-co
ing hard X-ray andy-ray EGRET-regime emission. A slower yq. Denmark, France, Germany, Italy, Switzerland, Spatzech

MHD shock in a dense molecular clump could produce brigRkpublic and Poland, and with the participation of Russia tre
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terparts. Bremsstrahlung radiation from the nonthermet-el Energy Astrophysics Science Archive Research Center (HERS,
trons has a hard X-ray photon spectrum. The nonthermal X-nagvided by NASA's Goddard Space Flight Center. We are {ubte

flux Fy from the electrons accelerated by a MHD shock of Mavromatakis who generously provided us with opticaadat
velocity vg; (in 100 km s?') and of an apparent angular size  The work was partially supported by RFBR grants 03-02-17433

6 (in arcmin) can be estimated as a fraction of the shock rdHr02-16595, 04-02-16042, RAS program, MK 2642.2003.G2t3n
pressure: the European Space Agency. R.A.C. was supported by NASA gran
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